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(57) Abstract: 

PURPOSE: To improve ttie crystalltzability and surface 
morptiology of a gallium nitride compound semiconductor, 
and to grow the gallium nitride compound semiconductor 
stably with excellent yield. 



CONSTITUTION: The crystal of a gallium nitride 
compound semiconductor Is grown on the surface of a 
buffer layer shown In general formula GaxAl^.iN (where 
(x) is kept within a range of 0<x21). The 
crystallizability of the gallium nitride compound 
semiconductor grown on the surface of the buffer layer 
can remarkably be improved. 
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1 

U A * ft ^ ^ i|£ a» » (7) S ^ fiK ft $ 1± « :^ ft ic *3 1 ^ 
r, gflSA'y 7rlBW-»3C*^ Ga«Al.-iN ((au 
XttO<XS 1 co«ST*5) TTrSnsci^^eSi: 

«SC;><GaiA I,-iN ({aUX«0<X^l<^«B8T& 
7 r Ji©±cafl::tf 'J A»ffc^«Ji|t39**»i£fi3-l+ 

[a«^4] 93EAy7Taro/?S*<0, 0 0 2tfm 
(0 00 1] 

[0 002] 

«r*Jj;-e9 0 CC— 1 I 0 0"C<OS5ST«J*bT. S« 

:^ffiT:»4. WittfGaNxt:3'+>'r^i'«*i«ft3-ii- 

[0 0 0 31 C<OJ:-5fCUT«S5-B-fcSft^/'J'i7A3K 
[0 0 0 41 ^fc. MOC VDit*fflt^-C-9-7T-f rS 



(2) »M^4-2 9 7 0 2 3 

2 

[0 0 0 5] wWi; ^;5:raS^i^9t-r'5/tie)»C. Sft;*/ 

« {Appl.Phys.Lett 48. (1986).35 3. {yfj^Y 7 
^X-i'ji^T. U3'-X48#, 1 9 8 6^. 353 
H. *3«i:t;t1*P!SF2 - 2 2 9 4 7 S^iiffi) . ^<?5:*ffi 
J(? li. ti-^r-f rSfi±{C. ^SiaS4 0 0-9 0 o-cro 
fiiSTT, VIkWffil 0 0—5 0 Q:^>if7, hn— /»0>A 1 

rS-Cfc^A I Ne±{CG aN*«g$-ti-^Ci:(CJ:r> 
T. GaNi|igj^Soifeatt*J;CK«ffi^:7;rD>'*-!& 

[00 0 6] 

[5€?^;ii»StL^-pt-r-5IRSl LA> L;5:;5<6miB:^ri 
0 0~ 5 0 0 3*->yx ha— Ai:4^StC»V^effi 

ailT*-5. Lfc*«oT. ^■a3ny7rJi<^±tc)BBE-r 

[0 0 0 71 *»Wttca3J;^;a^1t«rS*r/j:$tt>t 

ss-ttsa-rt^ u AS5ft:«^ft*i»»ro«att*J:t^« 
ffi^7^ny— *«iiffli/"<;nc^T5S:S-c*. sees 

[0 0 0 8] 

'[SB«iii«t-r«fc8f>{o#®i *aw«3«fb:tf'j'>A3K 

(aar^&5-t*--5n«y7 7'ia<D±JC:. SSST 
liKfi $ If « S fb:tf U A«fb&«to¥9<4:0)fiia $^ft £ 

X«0<X^ 1 C0«|iJC^S3n2>. 
[0 0 0 9] gJlS/Sy S«0. 0 0 2Mma 

±.. 0. 5tfm£tT. 5 6.{Cjf *L<HO. 0 1-0- 
2 ttm(0«HtraiB-r^. -^-tD^Sd^O. 0 2amJ:0 
3K. 0. S utn.fcOI?l^<!i, y\'y 7 r «<0±lc 

[0 0 10] *t90e.''?-y7Tll©«fiiaSl*2 0 0=C 
iO EJlJi9 0 Otr&lT. «F*U<tt4 0 0~8 0 0'C<7>«Sffl 



—120— 



3 

tiaSTi. 2 0 0*C<fcOeii<i:. A'v7rS*^)gBtU 
{C<<. 0 0*C<fcO«<rit. /\'y7rH*<¥itSS 

$^5: < ^ « KBrd} 1= £ ^ . 
(0 0 1 11 

[fPffll aitCGa.A 1 i-iN (0<X^1) «r/t-y7 

T. i^i;<-e«)±ic(^i;<ea«B)tgs-t*-Zi«&w. x lo 
tr^+i^i-ju-^^xA-tottit^s-rwaiHs^T. 

[0 0 121 tC^-CA I N*/\*^T?r— JltUTSffc 

Solid Films. 163. (1988). 415 (-yw > V U -y H :7 
-<-;PAX 163 #. 1988 415 M). iiiilf- 
Appl.Phys. Lett 48, (1986). 353 (Ty^-f K -y^X^ 
•j^T. V9~X 4 8«. 1 9 8 6^. 3 5 3S)?f £P 

t» .5 A- 7 r liOTf^ffl *JB*{c jjE'^* <t;JKTcDl*l«T» 
•5. 

[0 0 13] (1^6 0 Ot:) -rEKfi$-tt--5A I N» 

fcs6tc«i 0 0 o"c»c:s-cias*±jf-ses. mftm^tfi 

lcm^S<fr«>. Si^«Jlc*ttSffcL./iffi$j-*<. 100 
0, •€-«0aiga*>^.GaNieS*^*l5!t§L., l^-^GaN 

I >fc G a N <0 Aft ttro«ga;>^«ES UTO S 5 1 1» -5 rt« 

[0 0 I 41 2|eS?^«J:oICG ai A 1 >-i N (0<Xg 
1) > 7 7Si: tT}K^Ufe«&*«£*»A I N 
& A •:/ 7 r » i Lfc«&i:it»-r * «i:etT«> <fc ^ fCJia 

[0 0 151 *-rA*i/7TStbr. 0<)Atfx= 1 <oG 

aN*JKB£-r*«^*#X-5t. G aNcDiii.^tl±l 1 0 

orrfio, A 1 N(?5».«Jii 7 0 ortrfe*. cwfc 4» 

«>6 0 CCTG aN<0A- y7TS*)KB£-r-5<i:, A-y7 

rBtt^isacDsms-r^. ^t-z;<75^iea<7)G aN 

A- y 7 7 B W ±J- G a N <DX 1^5' 4^ >' r ^I'B Srflc&T« 
fcfefC 1 0 0 0t:*Tiaa*±lf-5i:, CaNOAv^ 

Jft^tl^fiUc. G aNxe5'^i'r;i'JBffl«5a«St L 

(0 0 161 L.*»t»A I NS/Ky 7T8i:L.TJB«L.fc 



«BB^4-2 9 7 0 2 3 

4 

t> A .y 7 7 -a t L T ©5a**iffl^-e« -5, 
® A*v7 7S*<GaN<i:<0T. •€'«>±»CG aN©xe 

(0 0 171 a±«)Ct«^«J8-r4fc*, A I N. Ga 
o.sAIb.sN. GaN(7)3aai«)A5^7 7»«r6 0 Ot: 

r^n^^n-y-7 7-rrs«±{cji^«L, -5-<o±{cioo 

0"CTG aNXfc:5'4=^->-rJHi«r4 <imCOJl$Ti«SL/ 
&«dff>, G aNxe5'^->rJi'S<o^'y)l'i^'JX3';i/ 
X»n y + >yn v=*'>y;*>-yoi|£jarti (FWMH : 
full width at half-maximu n) t^N'-y "7 7— B<^8!J¥<t 
(;5Ba»S:*J6tSS:0 3 iCSr. FWMH«/hSV»a<if 

[0 0 18] 13 3 {C*-rj:ofCGaN*/try7r«<!:U 
T}KB5cL.yi:^*<. l£i/V\'<yy7 8<D®W«fflT«SStt3*« 
j;<, Gac.sA lo.5N(i-?-<7)4'r«'Jic:fi:BL. ±K%S 
i' *5 0 <03a**<* -5 ^ <»: L fc. 

(0 0 1 91 Bi4~ia7ic. -y-7 7-f Ta«±tugi«T 

■5GaN>'\* y7 7a»eWS:^^. 3 6tC-5-coii»CG a 
N<DXtr^'*->r)^a$:4 um«SS-ti-ft:«^<». Ga 
NX tr^' ^ V -v ;i.a W«SO«lig«:^Ta«a^H0 S: 
TFf. H4J&»^S7 *TJeC, A«y-77aJ»SttO. 0 
02ym. 0. 07*im. 0. 2 0 tfm. Q iim {nv 
77aML) -c&s. 

(0 0 2 01 cn6c^ia*^Tt)^)-7l^'5J:-5 tC> A y 7 

?g«T * fc L. *^ ^ T ^ afii^ - 2. «ifii a& 

■5. L*^U/N- y 7 7«*WTS'-S<i:. (Sffi 
btv^y ■7 7H«IPS«0. Ol/zmA^&O. 2um<0 
to 02 11 *£:*»«<Oifeas£fi:^tttCJ:-SA''y 77 

att, ■tJ-7 7'f 7S«±/t•ttT;a<«ft^fU'^^AjSft:s• 
«}i{£g^»:(7)xt5':^^>'r>^a^WT^aTfen^^. if.<n 

aCJg^LTfe ±1.^. WxtinSG aNxtr^4^>'r;»U 
aro-hlC. p -6 Mg3»«H nfcp^G 

aNa)xe5'*i^r->US*}^«UfcV*«&. WlEnSG 
aNXtf^4'>'VJUaa>J:lC/s'y77aSr»*L-. 
A y 7 7a<0±fCpl!GaNXi;3^*>'Y;i'a*«SS 

[0 0 2 21 
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(4) 

5 

[0 0 2 31 siBizm-rmm&mi^TSitiJU'yj^m^ 

e 4^ ■> r Jl'B * 4 u mC0«iJ51-Ciatfi ^ -li-^:. 
- 2 iCit-B-*. 

^t-tT'^'— 2 Sk— ^'3»CJ:oTl 0 6 OTCSTTttl 

<D .k^ZD■•t:fi'- 2 «)taK«: 5 0 O'C^TTTlf T. S 
<S> av*TBJ'«9t«5d^^H:i:N3«>ig&/J7.S:«l& 

;^'«StS4A»6«i^T*T>^:i7;9X<DSg«tt4 U y 

tt»T-y-t:/^'-2<7>iafiE;j«5 0 o'c;c$3tr«*-c^ 

■3. 

»mAt^e>T>^-7ii7si:.HtiSX\iZiS\XX, TMG 
*:^«r2. 7X10 * 

«"Tr 1 5}-fSlSEET. 

CCTRJPO. 0 2Mm«)Ay7 7lBA«»«T 

iry^. $^{cte{oi!fxafliua**^-9-t::/^-2<oiaK 

(S) ■tJ-fr3'-2 0SSAU 0 2 OrSTiffUfL^. 

4 *» r >*=:T Jtf X t H i X CtD A 
T. TMG3tfX«5. 4X1 0-» *Jl^/»«)SS[*-C6 
05MBl«»6bT, GaNXb:4'4-vriV)BS-, 4. 0 u 

^CLT-tf^r-f Ta«±K:. «»0. 02ytn©Ga 
NA-y7rJB. -e-OJbC4 ^mODG a NXfcf^^-> VJV 

(00 241 [tt««ii ®<o/t r«4)g«-r 4 X 

eir^l^T. A I N©Ay77-BS0. 0 2yin(D®S 



**8I!¥4-2 9 7 0 2 3 

rS<D±C4 umcDG aNXtf^' + xrJl'BS-BJtSS-a- 
4 A> 6 r >^X7 t H * tCftiA 
TMA (h 'J ^^;i^r;i^5X'?A) *2. 7X10 

[0 0 2 51 l«S«*-;i/«l5eSri[aTffV^. *:»IHlw 
J:*GaNxe^'=»'>'^Jl'«i:, ttlSlW UC<*:4G a N 

^»B»»S9, fte^wtiB 1 0. 4rrU7as»*. » 

[0 0 2 61 y >K-7*©«gS=£fiESL,fc«^ia=t^^'J 

(0 0 2 71 *f5MK:«t«GaNt4. U T«lS*M 
xlO'*/ciii», ^«JS 6 0 Ocm»/V-scc<i:?^'St{CJ:t'^ 

tt. +r 'JTiiflE^Jl x 1 0««/c«». *sJ:C^lfiK*« 
*!J9 Ociii»/V'secT?ftofc. 

[0 0 2 81 [*3fi0? 2] (ZXDAy ^rflf^je^-r-SiI 
StC43t^T. Gao.iA U sNWAy^rJiSO. 0 2 

y 7Tli«>±lCGaNXt;^'=^^*>^;i.JlSrfitfiL&. 33: 
:feAy7rS«:»BE-ri5R, g|£:;tfX'«9tS4*^€,7> 
^-7iJ7.ii. Hi ^fXJCiBAT. TMG^2. 7X1 
0-»^:JU/», TMA* 2. 7 X 1 0 « ^JU/^J^-p-tn 
•eno. 5»IBIiStU&. COGaNxe^'+V^JUBt) 

*fcaaSiR«CJ;-&affi^7;j-oi?-ttSIJS6S|l 

[0 0 2 91 morns'] (B)»C*Jlr^TA-y7r-li0>i« 
SiaS«6 0 0*CtL. ®(D^X88{^IB|Sr2. 5»IBUr 
SCAT, A-y^TBOKWSO. 0 5 Atmi:T-5«6tt» 
II3«M 1 ^P«lt=L'CGaNXb:3'#->t';VS«AfiU 
fc. r.<OG aNXe^^^^i^l'il'Hfc^ffit^^l-nv?— tt 

WliigS?T*ofc. 

[0 0 3 01 [*SSfi»|4] ®«C*Jl'^rA-yVr-«<©Bfi 
fii&ft^S 0 Or^-r^fdli. ^je0i|l <>::^«I(CLTG 
aNXIf^'^^v'r ;VS*Bfi«Ufc. croGaNxfcf^'* 

>'*jpsit>aBi^7*n-:^-»4*jewi tpjtf. xao 

-y > y * - 7* <D i*£iarti 3 ^J- 1 anfci^Stt L . 

10 0 3 11 (Sg]««5l (2)«>A-y7 7ii«}K*-r*X 
a»CfeV>T. 3liS«2 <tH«roftfrT. Gao.sAI 
oiNWA-y^raSO. 0 2 umcDKJSTjBBEL. 0) 
icisViT, S«!::tfX«8#tS4d>^7>tx7//x<i:Hi 
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7 

^XiZlafLX. TMA^7,^2. 7 X 1 0 « ^JP/^J", 
TMG^/7.*2. 7X 1 O '^JU/fJ-CDSaare 0»fB! 
PjeUT. Gao.5 Alo.sNxe^ + ->^Jl'Jl*4. 0 

■*)-y 7-i7S^±\Z. fRmO. 0 2 wmOGaosA 1 
0 . s NM-y 7 T a t , -C-cOifr 4 m nKOG a o . s A 1 o . s 
Nxt;3'*->1'jl'H*l«fiai*fc. COGao.s A 

[0 0 3 21 [mmme] ®tzis^^x. 7>=^=.7^ 

X, H2#X, *iJ;C^TMG:tfXtCjDAr. Cp2Mg 

Mg^K-^LT. pMGaNXfc;3'*x-vJl'«*4. 

TS«±k:. BtffO. 0 2 ttm<OGaNA'y77'll, -t 

(7)±{CMg S: 1 O'o/CB' h--7't/iSI»4. O^rrKD 
pMGaNxtf^=^^vrJl'H*J5ES55-a'/::. c:<?5pMG 
a Nxe^' + v'riUS*, SE^7:ra<:;?— 1 
<ti^5?-c*»3v +rurai«2. oxio'*/cB». » 

T«. 1P!)*TpS!1#tt**L/t. ^KDCtttC^WXtr^' 

[0 0 3 3] mtimi] nmmiTfitzJSkm4uTn<r> 

G aNxtf^^i^r^i-HroiJr. I^2S0S|6 L 
T, IRJ9 0. 0 2 Mm(^)G aNA y7r JBv -tcOJtCM 
1 05«/cB» H— 7'UfceJ»4. OwmOSpaiGa 
NXt!3' + ->V Jt'HSr^S^-tt-fc. CCOpSGaNXt 

*0. 4^-^U7»«3. 5X10"/CB», »»&a. 
ScB»/V-sect|B|i;< pS»tt«350fc. 

10 0 3 4] mmmSl (SUZ^'.'^T. T>^=LT^ 
X, Hi:<JX. *3j;C^TMG:WXlCttI^T. >'7> (S 

iH*) G a Nxfcf ^' + ->r ^I'StC 

nSO^^tt^TftSS I SK— yUT. 4. 0/xm«8t 

IC. mmo. 0 2 Mm<?)G aiNAy 77-8. -t-tOiC 
S i 0=<»/cB^ H — 7^UfcSlS4 umcOnSG a 

NXt!3':*^->^;Hi*BKfiS-H-fc. C«>nS!GaNXtr 

+A''Jr»ffil. 0 X 1 0"/cB» 

[0035] [tt«W2] A I N«)/t-y7rJi*0. 0 

2 Mm<»sj»-trjg«-r-5«5i.{i. nmmaiimistizs i 

*K-yLT. -b-7r'f7'S«±}CJB«L/t.A I NAv 
7TS<0±tC. 3^C4ttm<0nMGaNXfc;5'4^->r 
Ji/)B«6SfiS«&. CtQnSG a NXtf ^"^Sz-t^JUIB 
}i. *r Ur«aEd» 5. 0 X 1 018/CB'T»»?. itR 



(5) »B8¥4-2 9 7 0 2 3 
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{0 0 3 6] 

t«^<?D3ai«l &i±,SimLft^^iZ, GatAli-iN 

(0<x^i) inyyymizmai-ritztizjin 

StCiStr^T. »»iJS6 0 Octf /V-sectv>^fatt. Sfl: 
ii? S3l*--5.Mg* K-yLfcG aNXfcT^'^^i/rjl.Bdt. 

*, */t-5-(DA* y 7r«±»cs5fi$-tl--5S i S: K-:/L. 
>5:naGaNfe. A 1 N*/^-y 7 r » t Lfcfc<OJclt« 

3(5<DA 1 NA y 7r)itCit'^T. *:IB^<??/'< y 7 r »* 

(nmm'&m^^^z.tizj^o. s^ti'j'yAm^^^^m 

[^^(^fDfJ^^Sl^] 

[0 1] *»^<oiearicfi:^ffi{cj;-5xe^^->r;i' 
-^7 xy \-a>«lii ««-r«l8»f® 0. 
[B21 vtM<r>m&^&:^m^z^ix,\d^f^'^^r)l■•t' 
30 x/N-«)«lii*«T«K»rli0. 

[03] G aNxtr^'^->rJl'«cD^^:/;V47UX3';i/ 

X»a-y*>4fD -/*>d^*-:/«#fflffl (FWMH) 

[0 4] GaNxt:5'+->r-'usoea«)«is*ar 

[0 5] GaNxe^^->r^l'SCD|Sao«ifi«SE-r 

[0 6] GaNXfc:i'4-vr^l'a(QISS<9«ifi«:%r 
Si!Sft^»(0. 

[07] G aNxi;^=^^>'rJi'Brotta«>«ia*ar 

[0 8] ^%^tcfil^L/::SB(OaS^aiBSrli0. 
[0 9] 4iftB^iZj:.^Gahima<nni-)\^mi£t^MkiZ 

0 

(0101 (««ft5r<i:« G a NiSa^J^-^UfflSSS* 

r0. 

[J5^<OKqql 
50 1 • • • S«?$I8 
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Il§^f B] ^me^ (1994) s ^ 5 b 



[£-^#^1 #^^¥4 — 2 9 7 0 2 3 
[^Pgel ¥)t4^ (1 9 9 2) 1 0 ^2 IB 

^^#i^^-«i4 — 2 9 7 1 
imm^^] #^¥3 — 8 9 8 4 0 

H01L 21/205 7352-4M 
33/00 C 7376-4M 

// HOIS 3/18 9170-4M 



[MiBBl ¥^5^1 Ofl 2 5 B 
[¥^«iE 1 1 

2 1 ^«<7)±H, -JK:^*^'G a X A 1 1 - X 
N {mLXI±0<X^ 1 OteHT-ab^o ) T-^StL^/N* 

«5:^7»^G axAli-xN (mLX(iO<XSl <0®H 

[0001] 



lO 0 0 21 

'k^^^^. -fi^^Ti* [G a X A 1 1 - X N 

(liL> XtiOSX^ 1 oteHlcab^) ] <oWfell*T- 

mTMOC VDfttv^Oo ) **J: < ^<c>*trv» 

•2.0 .10 :^vS(± -1^-7 T^T^« ^f5:BL7tjRCL-g?li*i 

^ftia)S^iJJ:-€-9 0 CC- 1 1 0 Ot:<OJi5ST-{!H#L 

S«±ii-ft^»*^fr$SB^B<^ e ? ^ -> -v 
«§-<i-^:^ftr-ib-&o 0!lx.lfG a NJit: ^'^v'^;!-^^ 
^ft$H±-^^#ICI4, I I imif7^t\,X\-')^'1-)\'if 

^ o 

[0 0 0 3 ] COi-^tlLT^S^-ti-fcgfb:^'^; 
[0 0 0 4] i/j. MOC voa^fflv^T-^f -7 

^lAppl.Phys. Lett 48, (198 
6), 3 5 3. (ry^^ K*7^X^ y iJ'X l/^-X 
48^. 1986^. 353 ^tJf^W^2-2 2 



j&miMLm 4 0 0 - 9 0 0 rofafi-e. mw:^^ 100-5 

0 0^>^'X hn-A<7)A I NCD/'iy y rm^kWf^ij 
<DX*$>ho ^<7>:firjS(i/<y -7 r)S-e*^A I Ne±(iG 

[0 0 0 6] 

(i. ^<yyrmojisL^M^i)mL<Um^ix. l^ij^iym 
1 0 0- 5 0 0:t>^*X hn-/.i:^^#(iSv^^H 

imn<r>'^yr ^rmm.. m^{tmsommi><D^yr 

mmx*hho Lfzt^ox^ ^0/^^-7 rgco _h(is«-r 
hmitif')^2.mt^m^mw(o^^^^^^xfmM^y 

^(ox^y). ^<r>^mt't^tz^{t^<yyrm±.^ziSL 

i\:if')^^mt^m^mm^''^^\^x. ^^^<m^x 

lO 0 0 8J 

1 1 -yiBX^^fch:Lti^Wt'rhi>(r>xh^o tl 

[0 0 0 91 mri£>'^^ 7 T§colf:^(iO. 0 0 2 // my. 
±. 0. 5/umWT> ^*bCl»SL<(iO. 0 1-0. 

2 /imOteffltiUM-r^o -^O]5^5i>^^0. 02/i.mJ:»} 
i7t> 0. 5 m J: /^y^rgOJiU 

jfm-r^mitif') ^ ^mt^^^m»<7)^^B(omm'^y 
[0 0 101 tfzmti^<yyrm<ofS.mi^m(t2 0 ox: 

J^:jL± 9 0 0 tJ^T. 4fiL<(i 400-800 ro^H 
icPSi-^o 2 0 orJ: >}av^i:. /< y 7 r Jl7&^?BffiL 
<i< <. iy::9 0 0t:i: /^'y "7 r JIt&^^Sb^ 

^^o•rLtv^ yTCi£-c^>^>fu/ 7rBt LTOf^ffl 

[0 0 11] 

li'^m] 121 I^G a xA 1 1 - xN (0<X^ 1) i/< 
yyrmtLX. ^<0±izmit:ff') ^ J^^.it^^^mi^ 
(Om^i^S: ^ -ti-Ttl^^cT) e 5^ ^ V -V ;U JL/N- <7)P 



OL If ^ V ;U jn / ^ - 0«it ^: *i-if ® m ?r tP-T o 

(r>^^mm:^^±^\^^fziib. ^'S]^<^<yyrm^xz/m 

itif'j^^^^it^^^^mit^m^Hi^'iSLmx^^o 

[00121 tZ^XA {n^/<yy T-mtLXmit 

in Solid Films. 163, (198 

8 ) , 4 1 5 (y ^ > V 'J y K y 16 3 

1 9 8 8^. 4 1 5 H) . J: CKA p p 1 , P h y 
S.Lett 48, (1986), 353 (r -7'^ 
Vy^X^i y^X 4 8^. 1 9 8 6^. 3 

5 3M) mzm\^<^i^^hixX\^^:hi)K tixh(r>Xm^^ 

ie«$nTv^-2,/s y rm(oY^m^^mz&-<ht]XT 
(r»^^xh^o 

[0 0 131 laS (*^6 0 or) XWL^^'thA I N(i 

fzisb[zmi 0 0 ot:uiT-fis^_hif^i^K g^^^^as^^e^ 

ti^gH^aft-r^o SB^5^fl^(i#^B^aftL;t:SC53*^^ 1 0 0 
0 t: G a N fiKS ? -tir ^ ^ U o ytitt^B^H ^ ^ 

\^^fzG 2i^(r>:^mi<Dm^B'b^^^\^XLtn 

[0 0 141 4^f&§gc0J: -lUGaxAli-xN (0< 
X^l) S:/<y y'rllt LTffML;t:*»>g'*e£3K<7)A 1 
N^/^ y 7 rg t L;t*&^ t Jt«i-;s ^ WTO J: ^ U^r 

[0 0 151 i-r^^yyrmt LT. 0lJxi^X= 1 OG 
aN«:ffMi-^^^*#^^^:. G a NOiM,^Ji 1 1 0 
OX:x^y). A 1 NOSi.t^Ji 1 7 0 Ot:T*)'^o -<0;^j 
i66 0 Ot:T*GaNcO/<y7ril^ffMi-'i>^> ^<yy 
rmit^^^n(r>m^^^J&S:-t^o ^XiZZ<O^^^B(OG a N 
/<yyrm(0±iZG a NO^i tf^ ^ v ^;^e«rg£S-r>5) 
1 0 0 0 t:iT-i^S^±tf^ i:. GaNO/<y7 
rmim»6^izM^^^uitL. A 1 N^/N'y 7re^ Lfj 

m^tmmi^z^ g aNJL\£^^i^^^)umm<7>m^FBtL 

[0 0 161 L7&*fcA 1 NS:/<y ■7TJSt LTf^^Lfj 

SSfLL^-tv^o Z(Dfzi^^ ^<yyrm<r>m^i. m< 
Lxi>/^yyr-mt LX(r>m^^mWx^^o ^< 

♦y :7 rS^^^G a N^C0T% ^OJiHG a NOJe. tf ^ v 

^^i-s^r^gi-^*^. m-un<r>±izm-um:&m 

[0 0 171 l:k±(DZti:mM^ir^fzib. A I N. G a 
0. sAlo. sN. G aN<r>39M<0/^yyrmi 6 
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0 o'CT-e^ii^n-^^T^T^^^idffML. ^(n±{z 

1 0 0 0 t:TG a NJ:-t: v-V^l-©^ 4 jul mOl^^^T^ 
i&-S:Lfzm't<^. G a N j:- 1: 5^ ^ -> ^ ;i.g<7) <J 
X5';i^X^.n y^>irny^>ir:^--r<7)4^ttfti (FW 
MH :full width at half-max 

imum) -7 T -@<7)^/?^<;0P4IS^*i6/::ia^: 

[0 0 18] [ll3(C^i-J:ot-GaN*/N*'y7rei: L 
J:<. Gao. sAlo. s Nfi^O^TBTce* ± 

lO 0 1 9] ia4-|ll7U> ^yr^Tm^±i^Zfm-t 
NOJ:.t: 5'^V'V;H1^ 4 m^S$-ti-fcJ#'&0. Ga 

0. 0 0 2;«m. 0. 0. 2 0 // m. 0 m 

[0 0 2 01 Zixh<omi:^Xi>^^-^Xn\<Z. /<yy 

L;6^L/<'y ^re^^^^/sf mm<o^m (mm 

Lv^/<y '7TS<7)lf:$liO. 0 1/^m;^-«b0. 2 y« mO 
[0 0 2 1] ttz:^^m<om^m^m^mizX:h/<yyr 

§tifMLT4>ctv^o <^Jx.if nMG aN-xt:3^:^v-v;w 
aNOJ-lf ^^v-v;^§^ffML;^jv^i*>g-, fflGnMG 
/<'y y'rSOidpMG a N If ^ v ^ ^r^d^ $ 
[0 0 2 2] 

[0 0 2 3] liI8tI:^-r^®^fflt^TMft*'''; '^A^ft 

t: 5^ + V ^ ^l-e * 4 m <7>mi? T-gcS ^fz. i*^ 
^ixy::2 ^ >'^^0-»f'7T'f r^«^^f-t7'^-2 0_L 



4'7^^ib> -^-f7'^-2^ti-^3tiJ:oTl 0 6 0t:$ 
T-iPl§Li-^o wOtlt.^.tl 05tKiS}#L. ^yr>i 

T mM^m(omm ^m^-r^o n -t y ^ - 2 
cojas^ 5 0 oriTTifT. ias7!)^^$^i-'2)i T^^s 

*Sfc$&L. JS:tL^:^*;^it*fl=47)^ibr >^^r:^*Xi:H2 

2 iiyst^2 :^;^coa*(i^^x^n 1 0 »; y h 

if y^ Ai)-h #t#&i- hT>^^rify.(D re* li 

4 U y Y)V/^^ H2 r^rxojJitgti 1 U y 

t. coR?gt^^^f-t7'^-2coias;6^^5 0 ot:u*^-r 
^ixn^o ^of^. ^<yyr-m^Bf&'r^fz 

^> s:iS:^^^:^«*fS4:6-<br >^^r;^'^;^tH2 

iDx.T. TMG ( h U »^?A) ifys^2, 7X 

1 0- 5^;V/5^t^'155"FB^irLi-o ^ictCTMG :^^^:^<7) 

0. 0 2 //mO/^' y •7rS^^ffMr-ifJo §fbtlffiO:^r 
X(ii;tL=t>0^^ib^f-t'7'3^-2cojaK* 1 0 0 QX:tX±. 

#^-e^o '^'ty'9-2<D^^^i)^\ 0 2 ors-e± 

ifys{Zl]Vix.X. TMG:^'X4:5. 4 X 1 0 - ^ ^^u/^j. 
<7)acSt^6 0 55^ra«*&LT. G aNJitf ^^v-v^uJl 
4. O^t.mOMff'CJSS^-lir^o -OPfl, HJPtMl^ 

5 7&^ib#{CH2 i:N2 :^^X^ffi£<7)*fi^T^gfc*,&LSItt. 
Slc^:^'y^T'JS:!SSfll*l7?>-^f^ft^tt't^^ J: o \z LTv^^o 
S7t:^f"fc7'^-2(i±^— (i^B^H;6^^^Si--2)<J:^tc. ^- 

:^^>^*WtLTv^-i>F^, m%^^>y^^<r>W.mt6f^ 
LfzW^mB.'^-h. ^^i^\^X\^-hify^i^m^WL\^\^X 

0 2 mCOG a N/^ y 7 '?-<7)±U 4 mO G a N 

j:- ^ V ^ ;H1 fifes ^-tir/co 
[0 0 2 4] 

[it«cW 1 ] O/s -y -7 rm^nm-t^T.mzioy^^x^ 

A I NO/sy7r^=^0. 0 2 mOgi/?T'B^i-^ J^:JL 
^'Mi. ^Jfe^Jl tmmzLXA I N>/<'y :7 rgcoJi(i4 
//mOG aNJ:.e^^^v^;USS:ffift^-l^/Jo ^i3A 1 
N/^'•y ^rS^ffM-t^l^. tli^v^T^ RJJ:^ i*#t 
S4;^^-^b7>"t-T:^*X^:H2 :^';:<.llJ[JD;ir. TMA 

( b U j^^^WT^W^ — 'i^ A) 4:2. 7X10- 5 
5^T-153^ra^L/Jo 

[0 0 2 5] «ft«'-f— >'^iiI€*^^ar•^TV-. :$:f&Wti 
J:>2)G aN-i-e5'^v^;i.S<b. JtgcCa 1 Ici: -2) G a N 

fftSOMf^^^^S-ra?:. 0 9io^J:^riill OH^-To 
:*:^5qiiIEI9. JtgcPBJiEl 1 0 > ^^'JT»Sii«. ^ 
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[0 0 2 6] y > V-y^(0^^^^f&MLfzm^^i±^^^') 

[0 0 2 71 *l§Wt::i:-i>G a N(i. ^^UrigJST&M 
X 1 0 1 6/cm3 , ^mS, 6 0 0 cm2/V • s e 
c t^mizXi^m^Tr^-to -^3. A 1 N^^<'y -7 rg^ 
L/s:it$5C<^Jl (i. ^-vVTjgST^n X 1 0 1 
m3 , i3 J: t>'^U St^^S^j 9 0 cm^/V • s e cT-*o 

/Co 

[0 0 2 8] [JtgclHJ 2 ] (D^^yyTm^B^-thi: 
0. 0 2/.mO(|g)?T-fM1-'2>m(i. ^ifeCTl^l^^ 

2. 7X1 0-5^;v/>g.^ TMA*2. 7X10~5 

't;t'/:g-t:'^:fX^nO. S^-rBlJ/tL/Co ^OGaNJ:.t: 

^**-r5:^L. ttzm^wtrnm^^^^^m^ey :^ui; 

mmi tit^mi t(D^miziiLm.'t^i><o-r:h'ofzo 
[0 0 2 91 [^ifega 2 ] {zi^\.^r^^y yr-m<7yf& 

ft?aK*6 0 Ort L. 0:^'XS{tH#Pfl^2. S^PfltC 
^x.r. /^ y^rJloMlf^rO. 0 5 m t i-^m(i> 

^|WI»(CLTG aNJ^li>^v^;Ug^fi£St 
fZo ^cOGaNJ>tf^^v-v;i/)l'{>gffi^:7^nv-(i 

[0 0 3 01 [^tetRl 3 ] tli^v^Tv'^y •7T~JiOJ!g; 

ss«*8 0 ot:^i-^ife(±. m^mmi tmmizLxG 

aNJ^tr^^ v-V^U^^^SL/Co ^<7)G a NJitr^5^^ 
v^;i^§i«H^ -7 n v-(i^i40!l 1 <hf^*. X^n 

[0 0 3 1 1 immm 4 ] o/<y-7Tg^B^i-^x 

St::i5^/^T. ^JSCT2 i:l^1t0^ftT% Gao. sA 

lo. 5 No>'<y 7 0. 0 2 mo^ii:-eff^fig: 

tU2 :^^y.iZl]\\^X. TUAif7.^2, 7X10"^^ 
TMG:^*>5.4:2. 7 X 1 0 " ^ ^;l-/:9'Oi/tM 
T-6 0^rafifc«&Lr. Gao. sAlo. sN^^tf^^ 

1 ^ra»ilLT. ^•7r T^«±(I. ^HO. 02// 
mOGao. sAlo. sli^<yyrmt. -e<0±(l4 
//mOGao, sAlo. 5 N k: ^ ^ v ^ ;l/JB SrSiS 
^'ti^;^Co COGao. sAlo. 5 N J^t: ^ v -v ;HB 

S®^7:^-n v-li^JfeMl tra^r-*o;t:o 
(0 0 3 21 [HiSCTS] tli^v^T. r>^^Tif 
H2*';^. :fcJ:D^*TMG3?f;^(Zinx.T. Cp2Mg 



( tf ;^ v ^ n > ^ v\x.:=. :5^*^. ^> A ) :^ X ^ i;t L 
G a NJ:-l: 5'^v-v;W®Hpl!o:T^M%^r3b^ 
Mg^K-vXT. pSG a N-xt: v-v;ug^ 4. 
0//m<7)^iPT-^:R^-li:7^Co ±fe<7) J: ^ U t T'tfy' r -f 
r^1g±(l. Jil?0. 0 2 // mOG a Ny< y -7 ^ 
0±HMg ^ 1 0 - o/c m3 K-7'"L7t:Ji!¥4. 0// 
ni(7)pMG a N^t: v-v^l'g^^TR^-t^T'Co -<7)p 
MG a N-xt: "7 5^ n v -(i^jjft 

0IJ 1 ^ IBI^t:^*) y)^ ^ U T?tK 2 . 0 X 1 0 i ^ / c 
m3.^1J;g9. 4 c m2 /V • s e c ^a<k>^ U ^ A 
l93*^TpM#14$:7j^L;t:o <:<7)w 

[0 0 3 31 immme] mmm i 4 mo 

G aNJ^lf ^^v^;UgO±tC. ^Jfet^lJ 6 t L 
^I?0. 0 2 ju m(DG alSi^<yyrm. ^<r>±iZM 
1 0 2 o/c m3 K-T't/::IiI?4. O/^mOpffl 
G aN-x-tf ^^v-v;Hl^«S$^'li*/Co ^OpMGaN 
ilf ^'^v-V^mt. ^ffi^-7^nv-(i^S£1^Jl 
^T-*t5. ^■vUT«eE3. 5X 1 01 5/cm3. ^ 
mms. 5 cm2/V • s e c hmi:< pM#14=&^L 

/Co 

[0 0 3 41 [HMga 7 ] UioV^T. ry^:^Tif 
X, H2:^'X, io J:?/TMG:*'X(lSOx.r. (S 

iH4) if7.^'M.\^tiiifh. G a NJ^feT^J'^v^-v^t'^d 
nMO/^^q^tr^)^ S i ^ K-yLT. 4. 0 mOM 
WX^^^^fZo ±feo J: ^tzLT-*^ -7 T^T»«± 
ll> ^ffO. 0 2 mOG a N/s-y "7 T«-eOJilC. S 

i 1 0 2 0 / c m3 K--7'L/::p/¥4 mOnMG 
a NJit: ^^>'-v;^g^^ft$-ti:/:o vlOnMGaNJ- 
b:^^->^;Hli. *S^7*nv-iiJ|Sfet?!li tra* 
T'*J9. ^^VTiSJ^l. 0 X 1 0 1 9/cm3 t^^-Sr 
Ui^v^^-V U riSeSr^L/io 

[0 0 3 51 

[Jte^M3l A 1 N<0/N'7'7r)8^0. 0 2 >u mOBil? 

^f7 r ^ r^«±(zB^L/:A 1 N/N'^y y r^O± 
tl. & tb(I4 //mOnMG aNJ:-Vf ^^v^;^S^Sg 

«S75^^5. OX 10i^X^cm3 ^*9. Jt^MlSO^ 
[0 0 3 6] 

[^^qoS&Sl VX}zmm\^fz^n (1. G a X A 1 1 - X 
N (0<X^1) ^/N'y ^rg(cff^S"r-i>C<i:lcJ:o 

^lli^v^r. ^mme OOcm^/V- sect^^^^i 
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<0±(-)tS$-tt^Mg $r V--7'l.tzG a NJ^t^^v^ 

ii<r>Xhho i-tz^(r>/<y 7 r^iCfigR S i 5r . 
K-yL^cnMC a N^>. A \ y rM t Lfzii 

[0 2] m.^<r>m^js.^iimzi.h^\^f'^'y*^)i"'7 

[in 3 1 G a N f 5' ^ ■> -v ;l^§<0 ^'^'^W ^"J X ^ ;U 
X«|n-;/ + >i^n y^r>iy*-rcO-sts-1trti (FWMH) 

[1114] G aNJi.e^'^rvA'^USO^SiOflliS^rSi- 
P^S^iS^Jtlilo 
ins] GaNJ:.tf5'^v^;i')iO*tBliO«it$-*i- 

[(3 6] G a Na^t:•^'*v^;^g<OfeSoat3i^r*-t- 
([17] GaNJilf5'*->^r;i'S<0^S<0«it«r*-r 

[US] *lfe^l-'ffifflL^^^g<Offl5^®tH&if®I2Io 
[119] *ll?§t-i:^G aN^B^B<7):^-;^^iIl^^*{c 

m 

[HI 0] i-SG a N^B^a<7>*-;i^jiISS* 

•riio 

[w-^<0ljLgg] 
2 • • • 

5 • ■ • Sfll^lt^ 

6 • • 

8 - ■ • flp^l: 
[#«lliE 1 ] 



[«iEl*l#l 
[#l¥W*<7)^H] 

Blrifi'^-y^rgco-te^;^^ GaXAli-xN (flL 

x(±o<xsioliH-e*-&) T-^gtv . gibt-. -eo 

{mim. 2 ] l&«<^±U, -1K^**G a X A 1 1 - X 

N (-11 LXtiO<X^ 1 O^Hf ab-Sc ) T-^^n^/^' 

■i' A ,^fb-g-!B5#«f*:o^a^ft:^So 

te^^^G a X A 1 1 -X N (11LXI±0<X^ 1 OffiH 

§ii:^it*« 1 le^offifb**'; A,^4b'i-!^*#»;<oi® 

[«*«4l t9fe/>'y 7Teo}??**0. 0 0 2;«m 

ie3S<7)ftfb>^''; 'i' A.^.fb'^!fe*##:<o@fBfiStft:^?io 
[|§?goi¥a^ift^] 

[0 0 0 1] 

fticii #(i^B^Bi4<offitL/-afb*''j A,^#«^^fb 

[0 0 0 2] 

P9x.lf, -m<f}^ [G a X A 1 1 - X N 
(fit. X(iOiX^ 1 OteHtc**) ] <0»fe%*T' 

/ N' -f 7> 7b*v± 1 s r V ^ ^ o Sfb A mfb'&^^^^fr 

(i^lTMOCVDffitv^Oo ) <ac,tiTv» 
Lr**S#Sfb'&%*':^^«*&L. ^b^b 

«fiSS^iSJ:-?-9 0 CC- 1 1 0 CCcO^Sja-C^itL 

3g«±{c-fb-&ft*Sf^feS<Oit:> + vi'A'e*^ 
S$-*-&:^ftr-*-i,o CTx.lfG a NJ:-e^'^•>•v;^^$^ 
^S^-<i:l)*i'g-U(i. I I Lr h 

•J-^Afc, V^.*-;^i: L-cr >*-T**;^^:€rfi6ffli- 
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[0 0 0 3] Z<DX^ iZLXJ&m^'^fzmitiJ'J^l^^. 
10 0 0 4] ttz. MOC r ^ 

[0 0 0 5] zeyXn^^fnm'tmik't^fz^iz. Mitif 
^ ^mt^^^mi^<0^^a'kJ&M^-^^wiiz^ 

-5)tAppl.Phys. Lett 48, (198 

6), 3 5 3 . iry^y 4 Vy y ^ y. 
4 8 1 9 8 6 3 5 3 i5 J: D^i|f 2-22 
9 4 7 6^^^«J| o 'tfy'r ^r*«±ii. 

ffifiaft4 0 0-9 0 0 t:<7)j5:ST% 0 0-5 

00^>^*Xhn-A<;)Al NO/s'y^ TgS:l5:tt>i> <> 
0-e*>2)o 7 rgT**)-2) A I Ng±tlG 

aN^^S^-iir^CtUJioT. G a N^S^BOSb^h 

i: t/«S^ -7 n V - S: K^-e § ^ #g5:;&^^* ^ o 
[0 0 0 6] 

H^: 1 0 0 - 5 0 0:t >^*7^ bn-A^^^#(l»v^^H 
:^®«0'»^*7r-f T^^S> 1]?lJx.ii*tJ5 Omm^<7)-*f 7t 
BfST-ab^o L/^T^^^oT. ^(D/<yyrm<^±izjfm't 

[0 0 0 7] :^^mtZ<DX')^j:mmim^X^j:^flfz 

i><^x$,y). ^(DS^^ti-^tz^{t^^yyrm±iiZm 

[0 0 0 8] 

■t^^:&ffi-e*)oT. HJIfi/^'';'7T@0-jK^;&^G a X A 
I 1 -xN-e^Sti-&Ct«:#fSi:i-^t<7>T-*^o ffi 



LX(iO<X^ 1 0®H(c#^$n^o 
[0 0 0 9] Htrie^^ y 7r^colp:$(iO. 0 0 2 ^mi'Jl 
±. 0. bfxm&.T. L<(iO. 01-0. 

2 At mCOKH(-PKi"^o -^-OfPS^T^^O. 02;/m<l:»} 

tTt:. 0. 5 mJ: J^Jlv^h, /s-77r^O±U 

[0 0 10] tfzm^^^yyrm(r>m.m7§Lmt2oox: 
0 ot:;:iiT> 4f^L<{i 400-80 Qx:<Dmm 

[0 0 1 1 ] 

[f^ffl] EI 1 UG a X A 1 1 - X N (0<X^1) 

OISb^ ^ ^ft $ -lir/ctf tf ^ ^ V -v ;^ j:- ^ N - o« 

jt^r^i-BfSHl^^L. 132 IIA 1 N^/^ y 7 ret L 

jn li' ^ ^ V ^ JE. / N - «r Bf MH * ^i-o 

:2|5:|g0^co/^' y 7 r ^ (iiM5|t<7)/< 7 rSmt-^T. 1?$^ 
(OWtm-m.mi^^^h^^fzisb^ *Sa</^y 7reioJ:0^M 

[0 0 12] ^Cl^trA 1 N«:/^'y7r-B<h tr^ft 

if A.?:fi:^?^4^«#ogp^H ^ «R ^ T h 

in Solid Films. 163, (198 
8 ) , 4 1 5 (7 ^ > V U y K 7 ^ AX 16 3 
1 9 8 8^. 4 1 5 M) . ii3 J: A p p 1 . P h y 
S.Lett 48, (1986), 353 (r7''7^ 
K7^X^y^X U^-X 4 8^. 1 9 8 6^. 3 
5 3M) m^zn\^<^^-<hfiX^^^:h'hK ^iXh(D-Xmz 
IE® n T V ^ ;S> ^ y 7 r « o f^ffl U 3$ ^ y.T 

(D}^'^X^ho 
[0 0 13] f&fi (*^6 0 or:) r-^gS^-tir^A l Nti 

fzib{z^^^ \ 0 0 oriitr-SJS^-ttf^l^K e^^^gi^^fi^ 
(c^^e^afti-^o W&m\zM^1^^nit\^fzU^:bK 1 0 0 
0 G a N ^ ffi:^ $ B#tz:^f3:<7)}gi o ;t:ttfgB^a ^ ^ 
»). -^Ott^B^B^^tbGaN^B^^^fiKSL. i^-3tGaN 
#^B^H^7:>^^^ST-^ /^' y 7 r^T^^^v^ h ^ (i-ff7 T 
^r^«e#7&^m^B^ai:^^/c*!>. :frfiz:5&^^:^^ <i^<bo 

[0014] ^^^(D J:ot::GaxAli-xN(0< 
X^l) i:^<yyrmtLXmi&Lfzm^i:m.^<OA\ 
NS:/N'«y 7 T* t L It Ki- ^ ^J':i.TO J: n izfj: 

[0 0 15] tir^^-yyrmt LT> Mx.(fX= 1 OG 
aNi:B^-t^m^^^^^t. G aNOlt.^Jil 1 0 

ot:T-*)»). A 1 Noa.isti 1 7 0 ot:-e*>5)o co/c 
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rm(i§^^^m<nm^''^m^^o -ki^^<D0r^^B<^G aN 
/< yy rm<r>±i'Z G a NO^ )i^m ^ fiKSi-^i) 

T^(igP55^65t::#-*£B^BftL. A 1 N$:/< y Vrmt Lfc 
[0 0 16] L75-^>A 1 N4r/<'y-7T»t LTffML/:: 

y '7rS7&^G aN^OT% ^cOJiUGaN 

[0 0 17] &.±,<D:itinU'thfzib. A 1 N. Ga 

0. sAlo. 5 N. G a NO 3 tt«<7)/sr^y -7 6 

0 ot:-c^-e;^^^'n'^^7T^r^1SJl^cffML. ^o±u 

1 0 0 Ot:-eG aNJ:.e^^v-f ;WJ1$:4 //mOjp^-e 
fiKKLT^ci^^O. G aN-3^li5'^v-v;UB0 5^r;^i5^U 
x^;UX^ny^>:^^'n-7:^>^*:^-r<7)4^ftrti (FW 
MHlfull width at half— max 

imum) t/<yyr-m(r>mMt(r>m%i^^fzm^ 

[0 0 181 II13tc^i-J:^(lGaN?:/^y7rgt L 
Tff^ffiL7t::^7&^ C;v^^su/7reoilil»teH-e|gB^Bl4^^^ 
J:<. Gao. sAlo. 5 Nfi^Otf Pflt^fiS b> ± 

[0 0 1 9] a 4 --[17 (I. r 4 rmU^iZjf^ft^'t 
aN/<yyrm<ommi^x,^ ^hiZ^<D±{ZG a 
N<OJ:-}^^^i^^)Umi4 /jtmf&^^'^fzm^<^. Ga 

N-x. If ^ ^ ^> A- ;i-^o«®^2M^M^^«'t-^Si^¥* 

0. 0 0 2 ^m. 0. 0. 2 0 m. 0 m 

[0 0 2 0] znh(r>mi:^Xi>^:d-:hXoiZ^ /<yy 

^ L /vi^^^o T«B7&^^®i^;- C ^ <S[6]7&^*) 

tv^/<y7TJlOll^(i0. 0 1//m^-'b0. 2 mO 

[0 0 2 1] t/.-*fl?go^B^a^«:^^(iJ:^/<^y v'r 
^(i. ^y r ^ TmWL±fmx-^j: <mt^'') ^ ^Thit^^ 

mizM&LXi> X\^^o CTx,l^nMG a NJitf^^ 
e<7)±ii. pM^^?JjT-*)^Mg:6^K-7'^ti/::pSG 
aN<7)^fc:^^v-v;i-S^?B^Lfcv^^>^. MIBnSG 



[0 0 2 2] 

^ o 

[0 0 2 31 08 U^1-^e^fflv>TSfk*-'J 

1 1 Tfe<7)Igr-»f-7 T -f TS*gt;G a N<7)J:. 
S. ttfc 2 W > ^ # 0-9- 7 T T*«*-if -b T'i' - 2 <7>_h 

##l±i5|5«OIiJi«St«5i:*>e., S:)[L.#Sir*3lc«^L 
•»t-b7'^'-2^rt-^'3(Cj:ori060'Ci 

r-mm-r^o zommi i o^i^mf 7 t -y 
<7)iajt^5 0 o'CiT-TtfT, iais**^^i-^i-e#« 

^ L , RIE- 4 ^ T > ^ - 7 X t H 2 

*~>^<^iE-&**;^?:«*&i--2.o ilJl«#=fe5*^'b«t*a-r-5.H 
2 i: N2 *';^(7)»KiJ±-e-H-r*t l 0 U y h 

if 7. Pttt«= 4 ;ei^ e> «?^-r ^ r > * - T CO irtS l± 
4 y b ^I'/^t, H 2 *";^<Oit*li 1 'J y h -'i'/55-i: 
L, ^<OR^T-9-t7'5'-2<^iaK75*5 0 CCtc^^i- 
g:iu:-*'Xift#tl=4 75'e>T>^-r*'XtH2 
J!)Di.Ts TMG {\-^ :f.^)V-n^)'0 U) if 7.^2. 7X 
10-5 =^)V/%-r: 1 ^rait-To '^ICTMG ::^*;^<0 

0. 0 2;um<7)/<y7r^75^~ffM-e#;'>:o 
;^(±j;tL^*^~'b-9-t7'^-2<;0iaft«r 10 0 OlDf "Ci 

#$-t*-^o ■9--t7'5'-2oia)R*«i 0 2 ors-eji 
»L3tf*, Rj£*-xiSitW4*»<br >*-r*-xtH2 

**XtC»Dx.T. TMG**;^S:5. 4 X 1 0 " * 

O^^gtj^LT, G a N-iIi^*->Y;W« 
4. 0A/mOMI?T'^ft$-<i:*o C^OK, W<«lt« 
53»»f>1|tirH2 tN2 *'^5r«rai<^^fl=-Cft«&LSElt. 
R)£.*-X-r-g:(£.$Srt;6?vf^$;*t^v^ J: 9 Lrt--2>o 
f fc-if-t - 2 (ii^-ic^s**^«-r -5) 0 

7r-5 r pm-eiaieS'-«i:'5.o 'fciJ^^ftO^ t -eJi^-S 
0 2 <- mOG a N/«-y 7 -f-0±{C 4 mOG a N 
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[0 0 2 4] 

;«mCOG a NJ:-t: ^^v-v;b^^^S^-li:/Co ^i^A 1 

l=4;6-e>T>^-r#:^^H2 :^'X(ZSOx.T. TMA 
( h U ^^;^T;1-^^'!7A) 5: 2. 7X10-5-^;^/ 

J:^G aNJ^tr^^v^^l^Bt. JtK0!l 1 {IJ: G a N 

mm<r>m\H^^im'rmi. [ii9ib^j:^;^^i2ii ou^i-o 

[0 0 2 6] y > K-7'co|gB^B*i«:«L/c«^(i^-vU 

[0 0 2 7] ^^^m^z^^G aNfi. ^ 'J TjSKt^M 
X 1 0 i 6/cm3, ^iSS 600cm2/V - se 
c h^f-^Uiv^ft^t^-to — A 1 N^r/N^-y? rSt 

Lfzit^miit. '^^')rmm^n x i o ^ ^/c 

m3 , ^XmmS:^^i^9 0 cm- yv • s e cT'*o 

[0 0 2 8] [itlxf^ij 2 ] 0/N'y7r)SS:ffMi-^X 
@lC;fev>r. Gao. sAlo. sNO/s'yy^rg* 

0. 0 2 ;/m(7)SiJ9T-ffMi-^J^i1^(i> ^ife0iJi^PJ# 
(c Lr/< y :7 Tilc7)±(2G a N^t: v^;i^g«r^ft 

^-hry^e^Tifyst, \{2if7^{zm^x^ tmg^ 

2. 7 X 1 0-^ 5 TMA^2. 7X10^5 

[0 0 2 9] [mmm 2 ] {z:h\^^x^^yyr-m<r>m 
ftiaS?: 6 0 Ot:t (Oif^'M^m^k 2 . s^miz 
m^X. /^ yyrmomm'kO. 0 5 jumtt^MH. 
nmmi <traWlLrG aNJ:.e^^v^;PSSr^gL 
fzo COG aNJitr^^^->^;HitSffi^:7:i-nv-ti 

[0 0 3 0] {mi&m 3 ] iCi5^^T/< y ^r-SlOJS 
Si^SSrS 0 Ot:t-r^fife(i. ^JS0O1 h|s]fl|(iLTG 
aNJiVf ^^^v-VV^S^^fiL^tio COGaNJ^k:^^ 



[0 0 3 1 ] immm 4 ] (D^^yyrm^f^fS.'r^x 
mzis^'^x. ^mm2 tmm<^^f^x. Gao. sa 

lo. 5 N<0/<y "7 0. 0 2 /i mOSiHTifM 

<!:H2 >^';^(CjDx.T. TMA 7.^ 2. 7X1 0" ^ ^ 

TUGif:^i2. 7x 1 0-5^;i-/:3^Ovtfi 

X6 O^-^mmkLX. Gao. sAlo. sN-xtf^^ 
v-v;l-@^r4. 0 /um(r>mWXf&9:^'^^m±. mi^M 

1 tmmizLx. ^yr4rmwL±iz^ mmo, 0 2ju 

mCOGao. sAlo. 5 N/^''y "7 r « t . '^<0±iZ4 
/um(DGao. sAlo. b ISi^}^ 9 ^ \ )l^Mif&R 
^^fzo COGao. sAlo. 5 N^t::?^^v^;i^§ 
i>. m.m'ey y^uiZ-itm^Mi tm^x$><>fzo 
[0 0 3 2] [mtt&m 5 ] (li^v^T. r>^^rif 
7.. H2:^7.. ioctU^TMG:^^7.tlSnxT. Cp2Mg 

J^TS^tb. G a N-x.tr ^^^v^^i'Ji tip S<0/f:*ft^T-*^ 
Mg^K-T'LT. pMG aNx.br^^v-r;l-S«:4. 

0 ^ mcoi^lf T^ft^-^fco JilSOj: o r ^ 
r^«_LlI. B^)¥0. 0 2^m<7)GaN/^y7TS. ^ 
(OJiUMg* 1 0 2 o/c m3 K-T'Lf^lKif 4. 0// 
mOpMG aNJitr5^^V'V;W«S:JS::g$-ti-/::o -Op 
MG a Nj:.e^^^ v^;u@^>. "7 ^ n v - (i^Jfe 
I^J 1 t ^mxh »9 . ^ M TiSJS 2 . 0 X 1 0 ^ 5 / c 
m3,^lSJt9. 4 cm2/V • s e c h^^t::**V*>A 

mt^^^mwxit. ^j]ibxpmmn.i7r^Lfzo ^(oz 

t (i c (7) e ^ ^ V -v ;HKO*Sb^h1±;6^^^^# {z^fLX^^h 

[0 0 3 3] [mmm 6 ] ^iSM i xmzmM 4um(D 

mmo. 0 2 jumCDG al^/^yy rm. -eoJitlM 
g^ 1 0 - o/c m3 K~:7X/c^If 4. OA^mOpM 
G aNJiV:^^v^;uJi*^:g$^i:fCo COpMGaN 

^®^*7 ^ n 1 
^X^ »9 . ^ -V'j Tits 3. 5Xl0i5/cm3,^ 
»S8. 5 cm2/V • s e c ^l^i:< pM#14^^L 

[0 0 3 4] [mmm i ] ti^v^r. ry^^nr 

X, H2:^'>^. i3i:f>*TMG;^*;^t::SnxT. (S 
iH4) if7sim.\^tj:i)^h. G aNJ^li^^^v^il^eil 
nao>F*E»T'*^ S i * K-'TLT. 4. 0 fim<Dm 

mx^m^-^fzo ±t^<oXo\>zLX'^yr-(rm^±. 

iZ, mmo. 0 2 /im<DG aN/<yy rm^<0±iiZ^ S 

1 «r«S| 1 0 = o/cm3 K-yLy::l^»4//mOnfflG 

\:£9^i^^r)vmi>. ^m^ey ^ u i^'-itnmm I tm^ 

Xi>^. ^X')7mmi. 0 X 1 0 1 9/cm3 
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[0 0 3 5] 

litems] A 1 N<0/<y -7 r^^ 0. 0 2 ^ mcOJI)* 

X'mt&-ti,i:mii. mmms tm»r~s i i k-t'l 

S e> U 4 /i m<75 nMG a N 5^ + v -r ^RE:* 
S-tirfCo CWnMG a NJ^tT^'^v + ^U^fi, * -v 'J T 
iSS75^'5. Ox lO'8/cm^ ^'9. itRMl^O^ 

[0 0 3 6] 

l^e^O^li*] J-J>±i^?qL^cJ: ^ tc, GaxAli-x 
N (0<X^1) Sr/N'y 7re(rff^*-tiC:i:(rj;o 

^HiJV^T, S»JS6 0 0 cm- • s e c tv^^ft 
K-T'LTtnMG aN?>, A 1 N 5r/<y 7 r Ig i: L^^w 



[112] {jE*<7)*SB^fi£ft:^ft(ri^j^kf j' + ->-v;u't7 

[0 3] G aNJ^t>^->^;uS«o^^7';w^"; xj';u 
X^n y^^i^n -y Jf^>-iy*--rOi|5^ttltl (FWMH) 

[1114] G aNit•^'Jp->^;^)ico^B^B<^«ji^«-r 
ISffi^^¥Klll« 

[0 61 G aNJ^t:^'*->A';^g<7)^B^O«iSS:^-r 
SI»^¥A0o 
[071 GaNJ^kr5' + ->^;i'e<7)*SS<7)«jS=£r*i- 

[US] *l&^lC'ffifflL/c^fiOg|5^«B&BfM0o 
[0 91 *f&?g{-i*G aNigB^B<7)*-;i'}|iI^*£mu 

0 

[010] ilE*fti;J:^G aN@B^O*-;Piffl^*S* 
•r0o 

[^^-f-coifeggi 



1 • ' 




2 • 




3 • 




5 • 




6 • 
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